The characteristic feature of a large superconductor is that it cannot be penetrated appreciably by an external magnetic field lower than the critical field; in other words, the permeability of a superconductor is practically zero and its susceptibility strongly diamagnetic. It is reason able, however, to expect that actually there is a slight penetration of the field, and theoretical predictions as to the details of this penetration have been made by F. and H. London (1935). Judging from the accuracy with which the permeability has been found zero for large specimens, the depth of penetration cannot be greater than 10-3 cm., and so to obtain appreciable penetration effects very small specimens must be used. One method of experiment which has been used successfully is that of resistance measure ments on thin wires (Pontius 1937) and thin films (Shalnikov 1938; Appleyard and Misener 1938; Appleyard, Bristow and London 1939; Appleyard, Bristow, London and Misener 1939) of superconductors; with this method, however, all that can be learnt is the size dependence of critical field, and thermodynamic arguments (which, as will be seen, in volve certain assumptions) are necessary to infer anything about the details of the field penetration. A much more direct method is to measure sus ceptibilities of small specimens, since if there is any appreciable pene tration it must reduce the diamagnetic susceptibility characteristic of the superconductor in bulk; thus, from the size dependence of the susceptibility, information can be obtained about the penetration law. Moreover, by measuring magnetic moments, the critical field can be deduced as well as the susceptibility, so that results of the same nature as from resistance measurements can also be obtained.
volume of each particle is compensated by the large number of particles present, and this has been the method adopted in the present investigation. Its main disadvantage is that the size of the individual particles cannot be either varied or accurately determined in any simple way, but, owing to the fortunate circumstance that the penetration depth turns out to vary con siderably with temperature (Appleyard 1939; Shoenberg 1939), this disadvantage is not so serious as it appears. Thus change of temperature with a preparation of given particle size has the same effect (through the change of penetration depth) as a change of particle size at given tem perature, so that much of the information needed can be obtained with any given particle size once the temperature dependence of the penetration depth is known.
All the measurements to be described were made with mercury pre parations:
(a) because of the relative ease of obtaining mercury colloid and emulsions of high mercury content, (b) because the individual particles are probably spherical and thus amenable to theoretical treatment, and (c) to allow of comparison with the work of Appleyard al. (1938, 1939 ) on thin films of mercury.
E xperimental details (a) Magnetic
A ballistic induction method was used to measure the magnetic moments of the specimens. Two exactly similar coils connected in series with each other and a ballistic galvanometer were fixed one above the other sym metrically about the centre of a large solenoid, the connexions being arranged so that the coils were in opposition, having practically no mutual inductance with the solenoid. By means of a Bowden cable arrangement the specimen, which was suspended in a Dewar vessel containing liquid helium, could be jerked rapidly from the centre of one coil to the centre of the other, thus producing a deflexion of the ballistic galvanometer pro portional to the magnetic moment of the specimen. The advantage of having two coils rather than only one is that slight fluctuations of the current in the solenoid have practically no effect on the zero of the gal vanometer. The solenoid used for most of the experiments gave nearly uniform fields up to 900 G over the distance of travel of the specimen (about 3 cm.), but for sometspecial measurements up to 10,000 G a watercooled solenoid constructed by Mr Laurmann was used, and this had a rather smaller region of uniformity.
The whole arrangement was calibrated by measuring the deflexions produced by a small superconducting lead sphere, and the sensitivity proved to be 77-5 cm. deflexion per c.g.s. unit of magnetization. The main source of error was due to slight motions of the coil system in the solenoid which gave rise to small stray deflexions; these, together with zero drift and occasional slight induction effects from other fields in the labora tory, limited the accuracy of readings to between mm. at fields below 100 G and 1 or 2 mm. at 900 G. The inaccuracies of measurements in the high-field solenoid were greater, but, by stiffening of the apparatus against jerks due to the working of the Bowden cable and careful balancing of the two coils, the errors were reduced to less than 5 mm. at the highest fields.
Two corrections have to be considered before the magnetic moment per unit volume of a single sphere in one of the preparations for given field can be deduced from the observed deflexion. First, if the specimen occupies an appreciable length in the measuring coil, different parts of the specimen move from different positions of the coil, while the sensitivity mentioned above refers to motion only from the centre of one coil to the centre of the other. This correction was determined experimentally by studying how the deflexion in the calibration experiment varied with the initial position and distance of travel of the lead sphere. After applying this correction (which amounted to 20 % for a specimen length of 32 mm., and 3 % for a length of 13 mm., that most often used) the observed magnetic moments were reduced to unit volume of mercury, the volume of mercury present bejng deduced from a chemical analysis in each case.
The second correction is that due to the mutual interactions of the colloid particles on each other: this has the effect that the field acting on each sphere is not exactly the uniform field of the solenoid. Fortunately, the volume concentration of mercury in all the preparations was not high enough (usually less than 5 %) to make this correction serious. The magnitude of the correction can be estimated* by assuming that the field acting on each sphere is decreased by the Lorentz term 4tt//3 corresponding to a random distribution, where I is the negative magnetic moment per unit volume of the whole specimen; actually the correction never amounted ■to more than 1%, and, moreover, is compensated partly by the " de magnetizing " effect of the whole specimen if this has not a long thin shape, so that it was not allowed for in reducing the observed data. Although these considerations show that the average field acting on a particle is just the external field, they do not allow for the possibility of large clusters of particles much closer together than the average separation; the occurrence of such clusters may be responsible for some of the details of the magnetiza tion curves to be described, but it is very difficult to make any theory of such effects.
(b)
The specimens
The main requirements which had to be satisfied by the specimens were a sufficient mercury content to give measurable magnetic moments, and uniformity of particle size. In the case of colloids these two requirements are difficult to reconcile, since any method of separating out one particular size involves diminution of concentration, and the colloids used were in fact not very uniform; it will be seen below to what extent this is important. Reasonable uniformity of size was obtained, however, in the case of an emulsion of mercury in chalk by a sufficiently thorough mechanical dis integration.
The specimens used are described in table 1.* It should be emphasized that the particle sizes given are only order of magnitude estimates and may be wrong by a factor of 2 or more. Attempts to estimate r by the speed of settling of solutions (or in the case of Hg C4, of a mixture shaken with water) of the preparations gave rather larger sizes (between 5 and 10 times larger) than indicated in the table, probably due to clustering of the particles into larger aggregates. The specimens as used for measurement were contained in open quartz or pyrex tubes. In the case of Hg A the susceptibilities were so small that the paramagnetism of pyrex produced a serious correction, and the temperature variation of this correction was not properly allowed for in the earlier measurements (Shoenberg 1939); the use of quartz, which is practically non-magnetic, removed the necessity for this correction and thus improved the accuracy of the results.
The experimental results
To avoid confusion of the diagrams, the results for each specimen are given first only for increasing fields, and the hysteresis features of the curves are discussed separately. Hg A. In this case the particle size is so small that the penetration of the field is almost complete, and the diamagnetic moment per unit volume very small (< 1 % of the value for a large sphere). Figure If shows the magnetization curves up to 900 G at various temperatures and figure 2 the curves less accurately measured up to 9,000 G for a few temperatures. * S o m e m e a s u re m e n ts w e re m a d e w ith o th e r p re p a r a tio n s , b u t th e s e w ill n o t b e d e s c rib e d sin ce th e y w e re less u n if o rm a s re g a r d s size t h a n th o s e in ta b le 1, a n d g a v e n o n e w in f o rm a tio n . t I n all th e m a g n e tiz a tio n c u rv e s (fig u res 1, 2, 4 , 5, 7 a n d 8 ) th e o r d in a te s h a v e b e e n le f t a s g a lv a n o m e te r d e fle x io n s. T h e r e d u c tio n to a b s o lu te v a lu e s of m a g n e tiz a tio n p e r u n it v o lu m e is m a d e o n ly in th e v a lu e s o f th e in itia l slo p e x (fig u res 3 
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In figure 2 the dot-dash line represents the deflexions obtained when the specimen was absent, due to jerking of the apparatus by the Bowden cable; the magnetizations should be measured from this line, and the fields h at which the magnetization disappears are given by the intersections of the curves with it. Figure 3 shows the temperature dependence of the initial slopes x Per unit volume of the magnetization curves (from figure 1) as compared with % 0 = 3/87T, the value for a large sphere, and also the temperature dependence of h]Hc obtained from figure 2, where Hc is the critical field of bulk mercury. It should be noticed that owing to lack of particle size uniformity, xlXo aud h/Hc do not refer to the same size of particle, since x evidently refers to the average slope over all the particle sizes in the specimen, while h refers to the size with the highest critical field, which we shall see is the smallest size. Hg B. The results with this preparation have already been published (Shoenberg 1939), and since similar results are described in detail below for the more uniform product Hg C4, the experimental curves will not be reproduced here. Some of the quantitative data obtained from Hg'B will, however, be introduced in the discussion (see figure 11 ).
Hg C 1, 2, 3 and 4. In figure 4 are reproduced the magnetization curves of Hg C 1, 2, 3 and 4 at one particular temperature (4-00° K) in order to show how the mechanical disintegration has improved the size uniformity. Since, as has been mentioned in the introduction, reduction of particle size (when it is comparable with the penetration depth) should decrease the dia magnetism, it is evident that the reduction of initial slope with increased mechanical treatment represents removal of the larger particles present in the original Hg C l. It will be seen that the end-point of all the curves is approximately the same, and, since this corresponds to the smallest size present, this means that the mechanical treatment does not appreciably reduce the minimum size. From the sharpness of the descent of the curve (representing the transition from super to normal conductivity) for Hg C 4 as compared with the others, it may be concluded that it is very nearly T=4-00°K 50 gauss m a g n e tic fie ld F ig u r e 4. C o m p a riso n o f m a g n e tiz a tio n c u rv e s o f H g C l to 4 a t 4°K . T h e d e fle x io n s d fo r H g C l to 3 h a v e b e e n re d u c e d t o re fe r to th e sa m e m a s s o f m e r c u r y a s in H g C 4 .
uniform, i.e. nearly all the particles have the smallest size. Finally, it should be pointed out that the slight " tail " common to all the magnetization curves is probably due to the presence of a small volume percentage (not much changed by the mechanical treatment) of extremely small particles, i.e. smaller than what has been loosely called the " sm allest" size above.
In figure 5 are reproduced a few of the measured magnetization curves for Hg C 4 at different temperatures (some of the quantitative data for the other Hg C products will be used in the discussion, but the shapes of the individual magnetization curves are of no special interest since they are evidently conditioned by the size distributions). Figure 6 gives the curves of x l Xo and against temperature for Hg C4, deduced from the magnetization curves.* 
Properties of superconducting colloids and emulsions

H y st e r e s is fe a t u r e s
The magnetization curves described so far have been for increasing fields only, and I shall now describe how far these curves are reversible when the field is decreased.
For Hg A there was practically no hysteresis when the field was reduced from the high field at which the magnetization disappeared or from any other field value. For Hg B and C, however, the return curve always lay below the increasing field curve; some typical hysteresis curves for Hg C4 are shown in figures 7 and 8. For Hg B the hysteresis becomes less marked at higher temperatures,* while for Hg C4 (and the other Hg C specimens) the reverse occurs. In each case the " ta il" is retraced without hysteresis. All these apparently conflicting results can be reconciled by the simple hypothesis that the hysteresis is marked for a particular range of ratios of the size r to the penetration depth A, while for much smaller or much larger ratios there is no hysteresis. As was mentioned in the introduction, and will be elaborated later, the penetration depth increases with increasing tem perature, and r for Hg B is smaller than for Hg C (see table 1), so it may be supposed that increase of temperature brings A for Hg B out of the range in which hysteresis is marked by increasing A, while it brings r/A for Hg C into this range from the side of large r/A. On this hypothesis, more over, the absence of hysteresis in the " tails" and for Hg A is explained as due to the small values of r/A for the particles responsible for the tails.
The general appearance of the hysteresis (the fact that there is no appre ciable frozen-in moment and that the return curve is always diamagnetic) distinguishes it definitely from the sort of hysteresis found in impure superconductors. In order to see whether it resembles at all the hysteresis due to shape in a pure superconductor (Shoenberg 1937) I investigated at one particular temperature (2*68° K) how the magnetization varied when the field was decreased and increased from a variety of values. The results of this experiment are shown in figure 8, and are quite different from the corresponding effects due to shape, in as far as the curves inside the main hysteresis loop are not even roughly parallel to the initial rise of the increasing field curve. An interpretation consistent with figure 8 is that the hysteresis is due to a kind of " supercooling " in the sense that a particle does not become superconducting until the field is reduced some way below the critical valuef. On this view it appears that the not quite sharp descent of the main magnetization curve is partly due to the slight lack of size uniformity, and that at each point of the descent some of the particles (the smaller ones) are still superconducting, while the larger ones are in the normal phase. On reducing the field from such a point the moment of the superconducting particles decreases linearly (notice that the beginning of each return curve points to the origin in figure 8), while the normal particles are " supercooled" (i.e. remain normal below their critical fields). With further decrease of field more and more particles become superconducting, thus eventually outweighing the decrease of moment of those that are already superconducting and causing an increase of the total diamagnetism. Eventually at X all the particles have become superconducting, an original magnetization curve is retraced. Thus the field at X (or A in figure 7) should be that at which the largest particles present return to the superconducting phases, and this is consistent with the fact that all the return curves meet there.
This interpretation, which assumes that the " degree" of supercooling is very size sensitive, is put forward only tentatively, and can be confirmed only by working with still more uniform specimens, but since the hysteresis phenomena may prove to be of theoretical importance, some of the relevant data have been collected in table 2.* The field hx is that at which hysteresis ceases (e.g. corresponding to A in figure 7), and is quite definite for Hg C4 but less so for the other Hg C specimens, and very vague for Hg B, on account of a rounding of the return curve where it approaches the in creasing field curve; when this rounding occurs, hl is obtained by extra polation of the straight part of the return curve. The field h2 is that obtained * T h e d a t a fo r H g B is o m itte d a s it is to o ro u g h to b e o f a n y u se ( p a r tly b e c a u se th e h y s te re s is m e a s u re m e n ts o n H g B w e re m a d e w ith a m o re p r im itiv e te c h n iq u e ).
by extrapolating backwards the rising part of the return curve to meet the field axis (e.g. corresponding to
Bi n figure 7); it is m than hx especially at higher temperatures. For comparison the critical field h of the specimen, and the bulk critical field Hc, are also included for each temperature.
D iscussion of the results
Evidence that the results are due to smallness of size
It is important to be sure that the differences between the results described and the properties of large spheres are genuinely due to the small size of the particles in the specimens, rather than to some secondary cause. There are several indications that this is so.
(1) It can be seen from figure 7 that no appreciable frozen-in moments, typical of impure superconductors, are left in our preparations when the field is reduced from above the critical value.
(2) In the case of several of the preparations, the mercury was extracted in bulk form by dissolving away the dispersing medium, and this mercury was found to behave just like pure mercury.
(3) The transition temperatures of all the preparations are very close to that of pure mercury in bulk (4-17° K). The slight differences that occur (e.g. 4-15° K for Hg C4 as deduced from its h-T curve) can, perhaps, be ascribed to the effect of mechanical strains.
(4) It will be shown (p. 68) that the results for Hg A, B and C are all con sistent with each other in spite of the different dispersing media, so that it is very unlikely that the results are due to some contamination effect by the dispersing medium.
Since, moreover, the work of Appleyard et al. (1939) suggests that the penetration depth varies from 10-5 to 10"4 cm. over the temperature range of these experiments, it is reasonable to expect that the preparations are of particle sizes small enough to show size effects. It will therefore be assumed that the differences between these results and those for a large sphere are entirely due to the small size of the spheres in the preparations.
The shape of the magnetization curves
In all cases the initial part of the magnetization curve is a straight line, and this must mean that at low fields the penetration of field into a small sphere is the same at all fields, or, in other words, that the penetration depth is independent of field strength (this is assumed implicitly in the Londons' theory).
The rest of the magnetization curve will evidently be seriously affected by lack of size uniformity, and here the experiments on the series of suc cessively more uniform preparations Hg C 1 to 4 are very useful in in dicating what is the shape of the magnetization curve for an ideally uniform specimen, i.e. for a single small sphere. On the basis of figure 4 it is a fairly safe conclusion that this " ideal" curve for a small sphere is as sketched in figure 9 a (the return curve as inferred provisio the considerations of the observed hysteresis-see p. 59, is also shown, and for comparison, the curve for a large sphere-figure 96). Whether the transition is quite discontinuous, as shown, or spread over a small range of fields, is not quite certain, since (judging by the rounding of the D. Shoenberg F ig u r e 9. (a) Id e a liz e d m a g n e tiz a tio n c u rv e o f a v e r y s m a ll sp h e re , (b) M a g n e tiz a tio n c u rv e o f a la rg e sp h e re . T h e sc a le s o f M (m a g n e tiz a tio n ) a n d H (field) a re a r b i tr a r y , a n d n o t th e sa m e in (a) a n d ( b) .
tops of the magnetization curves, which decreases with increasing uni formity) Hg C4
is not yet ideally uniform, and so one cannot distinguish a genuine spread-out transition region from a spread due to size dis tribution. On the view that figure 9 a gives the shape of the magnet a sufficiently small sphere,* the large transition region of Hg A (figure 2) is to be ascribed entirely to lack of size uniformity, i.e. to the superposition of a large number of curves of the type of figure 9 a with different slopes and end-points, corresponding to the different particle sizes present. The spread of size required for this interpretation would be over a range of something like a factor of 10 in radius, and this is not at all improbable.
The fact deduced from Hg C 4 that the magnetization curve of a very small superconductor drops almost discontinuously at the critical field, instead of dropping linearly over a range from 2/3 of the critical field as for a large sphere (Shoenberg 1936), is an entirely new feature, and can be interpreted very simply as due to an appreciable penetration of the field. Thus for a large sphere the 2/3 factor arises merely because the sphere has zero permeability, thus increasing the local field at the equator of the sphere to 3/2 of the applied field value, but if the permeability is appre ciably different from zero due to penetration, as it is for Hg C4 ^ 0*5), there will no longer be such a large difference between the highest field at the surface of the sphere and the applied field.
To make a rough estimate it can be assumed that even when there is pene tration, the sphere is homogeneously magnetized (though actually of course the diamagnetic magnetization increases from the surface inwards). The field at the equator of the sphere is then (1 + 4 t7 -%/3 ) times the applied field, where x is the average diamagnetic moment per unit applied field per unit volume. This factor can be written as 1 + o> where 3/ 8tt, and consequently the field at the equator reaches the critical value for an applied field h/(l + IxlXo) if ^ is the critical field.
According to this calculation (which probably gives too low a field for the commencement of the transition) the transition for H g C 4 should commence at 0*8 hf or the lowest temperature and at something like 0*9 for the highest temperature used. Overlooking the rounding at the top of the experimental curves (probably due to a few larger particles), these rough estimates are supported by the experiments. There is indeed a sharpening of the transition as the temperature rises,* but the existence of a slight spread of particle sizes makes it difficult to be certain that this sharpening would occur for an ideally uniform preparation; thus it may be mentioned that the sharpening of the transition at 4*07° K, as compared with 1*93° K, was much more pronounced for the less uniform Hg C3 than for Hg C 4. This explanation of why the shapes of the magnetization curves change with reduction of size is only rough when the size is still comparable with the penetration depth as in H g C 4, and a detailed theory requires an understanding of the transition mechanism for this case. When the size is much smaller (as in Hg A), however, it is evident without any calculation that the transition of a sphere must be quite sharp, as in figure 9 a, since if the field penetrates the sphere almost completely, it cannot be appreciably distorted by the superconductivity of the sphere, and all parts of the sphere are very nearly equivalent. * Except very close to the transition temperature, where the transition is again more spread out. This is probably due to the main descent of the curve becoming confused with the " tail", which is the more important the higher the temperature.
The initial slopes
As can be seen from figure 6, and even more strikingly from figure 3, the initial slope x per unit volume of the magnetization curve of a small sphe is less than for a large sphere, and decreases with increase of temperature, in contrast to that of a large sphere which is independent of temperature. The fact that x < Xo can be immediately interpreted as due to app penetration of the field, and, describing the penetration by a characteristic length A, the " penetration depth", it is evident that x lX o f°r a sphere of radius r can depend only on the ratio rjA. Since varies with temperature for given r, it can be concluded that the penetration depth is itself temperature dependent, and evidently A increases with T (as deduced also by Appleyard et al. XlXo^ >'2/A2 for r< < 5 A can be show general than the penetration law (1), so that, apart from the numerical value of the proportionality factor, equation (3) can be used without assuming any particular penetration law. Since the formal proof of this for a sphere is rather lengthy, the argument will be given only for the simpler, but essentially similar, one-dimensional case of a plate of thickness 2 in a longitudinal field. If r is much smaller than the penetration depth, the field H inside the plate is only slightly less than the field H0 at the surface, so the difference H0 -H can be expanded in powers of the distance from the centre of the plate. Since the curve of H against x must be symmetrical about x = 0 and have no kink there, the first term in the expansion, apart from a normalizing constant term, must be proportional to 2, and to be dimensionally correct, the constant of proportionality must itself be pro portional to A, where A is a length characteristic of the phenomenon, i.e. the penetration depth, which will be assumed to be independent of r. Thus = a t f 0(r2-* 2)/ A2,
where a is some numerical constant. It should be noticed that the de finition of A is arbitrary to the extent of a numerical factor, and can be made precise only from a knowledge of the actual penetration law or by assigning some numerical value to a and using (4) 
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roots of the experimental data, the discrepancy is probably to be ascribed to the experimental errors in the experiments of Appleyard especially since the method of reduction of their data tends to exaggerate such errors. Assuming that the discrepancy is not significant, the agreement of figure 10 with the thin film results is a confirmation of the correctness of (5) and so of the assumption that the penetration depth is independent of size.
Knowing A as a function of T the curve of against T for the nearly uniform product Hg C 4 can be interpreted as a curve of xlXo against A jr, thus testing the validity of equation (2) which directly involves the validity of the Londons' penetration law (1). In figure 11 is shown the tem perature F ig u r e 10. T e m p e r a tu r e v a r ia tio n o f th e p e n e tr a tio n d e p th . experimental curve of x/Xo against A/r obtained in this way from figures 6 and 10, together with the curve of equation (2) corresponding to the Londons' theory. Although the scale of abscissae of the experimental curve is arbitrary, it is evident that it cannot be adjusted to fit the Londons' theory; actually a scale has been chosen which corresponds reasonably to Appleyard's estimate of the absolute value of Ao, and which allows the ex perimental curve to go over into an r2/A2 law for not too high values of A/r.
There is good evidence that the discrepancy between the curves of figure 11 is not due to lack of size uniformity. First, it was found that if equation (2) It can be seen also that the discrepancy cannot be due to any reasonable systematic error in the absolute values of such as might be due to incorrect estimation of the metallic mercury present in the preparations 1-2 ,\/r (an error of this sort is possible for Hg B, but very unlikely for Hg C). Thus, even assuming that the xlXo values for Hg C4 are only 75% values, the experimental curve could still not be fitted to equation* (2).
Finally, there remains the possibility that the discrepancy is due to the particles in the preparations not being spherical. The influence of non sphericity is very difficult to predict, but on the whole one might expect that if a large variety of shapes occurred (due to mechanical stresses produced by the solid dispersing medium) the effects would average out to those for a sphere. Actually, it is rather improbable that the shapes should be very different from spheres, on account of the large effect of surface tension in small particles of mercury, and indeed direct microscopic examination of the Hg C specimens showed no departure from sphericity.* It cannot be excluded, however, that the particles change shape on solidification, though it is unlikely. These experiments suggest then that the London penetration law (1) is not in fact quantitatively valid, although it is, of course, very useful for a qualitative description of the penetration. The question of replacing it by a different one is a difficult one, since it is hardly possible to work back from the variation of x lX o wbh A/r for spheres to the general tration (this might, however, be possible in the one dimensional case of a plate in a longitudinal field, and experiments in this direction would be valuable) but the experimental curve of figure 11 should be useful in providing a check on any other penetration law that may be proposed.
To conclude this section it is of interest to verify that the values of A/r for Hg C4 and Hg A are consistent with what is known about the relative particle sizes. Thus, assuming that the r2/A2 law is already valid for A/r = 1 (on our arbitrary scale), then to get x lX o = 8-4 x 10-3 (the value for Hg A at about 2° K) one must have A /r= 5. Now the scale of A/r has been chosen so that A/r = 0*16 for Hg C4 at 2° K, and thus the average particle size of Hg C4 must be about 30 times that of Hg A. Taking r = 5 x 10~6 cm. for Hg A, this gives r = 1*5 x 10~4cm. for Hg C4, which is of just the right order of magnitude (see table 1). Similarly the results for H gB are consistent with a particle size about half that of Hg C4.
The critical fields
As can be seen from figures 3 and 6 the critical fields h of the specimens, particularly for small particle size, are appreciably higher than those ( ) for bulk mercury at the same temperature, and the ratio hjHc increases with temperature (i.e. with increasing A) as already found by Appleyard et al. (1939) .
On account of the spread of sizes in the specimens and other circum stances explained below, no detailed quantitative interpretation of the data on critical fields is worth while, but with a view to interpretation of any future data on more uniform specimens, I shall show how the increase of critical field can be connected thermodynamically with the field penetration.
In the case of a large sphere the treatment is complicated by the spreading of the transition between 2/3 Hc and Hc, but it has been seen that already for the sizes in Hg C 4 this spreading of the transition has almost disappeared (figure 4), and so the usual thermodynamics of sharp transitions may be applied to determine the critical fields of the spheres in the specimens.* * T h e tr a n s itio n fo r th e sizes in H g C 4 is n o t, h o w e v e r, p e rf e c tly s h a r p , a n d so th e a p p lic a tio n o f th e th e o r y in th is c a se is n o t v e ry c e r ta in .
Let Gn and 0 8 be the free energies per unit volume of the normal and superconducting phases per unit volume in the absence of a field, then in a field H the free energy of the superconducting phase is increased by the energy of magnetization \yiP-, where x is the diamagnetic volume sus ceptibility. Thus the free energies of the two phases become equal for a field h given by
For the metal in bulk Gn -Oa is just and so to allow for any possible size dependence of Gn -Gs I shall write -^8~
where / is a dimensionless factor which may be constant, equal to unity, or may depend on size and temperature in some way which cannot be predicted by thermodynamical arguments. Combining (6) and (7) and introducing ^ = 3/8
Thus, provided that the factor / does not vary too much, equation (8) explains why h/Hc increases as XlXo decreases, and in pr tion of / should be deducible from the experimental data by means of equation (8). Owing however to the lack of particle size uniformity, no detailed application of equation (8) to the experimental data is possible; thus, as already pointed out, x l xo as determined exper average over all the sizes present, while h/Hc refers to the smallest size present, and, moreover, in the case of Hg A, the determinations of h were rather rough, and could not easily be improved without changing the method of measurement.
If the spread of sizes is disregarded, then at 2° K, / for Hg C4 is 1-4 and for Hg A about 6*3. Taking into account that the observed x/Xo value for Hg A must be appreciably greater than the value appropriate to the particles to which h refers, it can be concluded that these figures are not inconsistent with the assumption that f = 1 and size independent, though an increase of / from 1 to 2 or 3 as the size r* is reduced to 5 x 10~6 cm. cannot be excluded. In other words these experimental data suggest that the free energy difference per unit volume does not change much with reduction of size.
In conclusion I should like to thank the various people whose help has been invaluable in this research: Mr Haynes of British Colloids Ltd., and Mr Powell of Boots Pure Drug Co., Ltd., for their co-operation in pre paring the colloids and emulsions, Mr Barkla and Mr Laurmann for occasional help with the measurements, and the late Dr Appleyard, Dr Heitler and Dr H. London for many theoretical discussions.
Summary
Magnetization curves of colloids and emulsions of mercury are described which provide direct evidence for an appreciable penetration, increasing with temperature, of magnetic fields into small superconductors. From the temperature variation of xlXo (the susceptibility ratio of a s sphere) for a very fine colloid, the temperature dependence of the pene tration depth A is deduced, in fair agreement with the results of Appleyard et al. This is used to transform the temperature dependence of for an emulsion with r > A, into a curve of against A/r, which is compared with a theoretical curve based on the Londons' penetration law, suggesting that the latter is only qualitatively valid. The critical fields h of the colloids and emulsions were larger than for bulk mercury, and it is shown how, together with the susceptibility data, they can be used to calculate the free energy difference per unit volume between superconducting and normal phases for a small sphere. The results suggest that this difference increases (if at all) by a factor of at most 2 or 3, when the size is reduced from macroscopic dimensions to 5 x 10~6 cm. The shape of the magneti zation curves and various hysteresis features are found to differ between a small and a large sphere, and these differences are discussed.
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